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(54) VAPOR GROWTH METHOD 

(57)Abstract 

PURPOSE: To prevent carbon contamination when 
organic metal material gas is used by introducing gas 
made of hydroxide into a reaction tube before material 
gas of silicon is introduced when organic compound is 
used as the material gas and an Si-Ge mixed crystal is 
grown by an atomic layer epitaxy method. 
CONSTITUTION: A silicon substrate 14 is placed on a 
susceptor 12 in a reaction tube I, the substrate 14 is 
heated to 900° C, and a spontaneous oxide film on the 
surface is removed. A temperature of the susceptor 12 
is set to 390° C, diethylgermanium (DEGe) is introduced 
into the tube 1, and a Ge layer is grown on the substrate 
14. The introduction of the DEGe is stopped, the DEGe 
in the tube 1 is discharged, the temperature of the 
susceptor 1 2 is set to 450° C, and AsH3 is introduced. 
After the AsH3 in the tube 1 is discharged, the 
temperature of the susceptor 12 is raised to 530° C, 
Si2H6 is introduced, and an Si layer is grown on the 
substrate 14. Thereafter, the above steps are similarly 
repeated to grow an Si-Ge crystalline layer. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which forms a germanium layer on this substrate by introducing the 1st 
gas which changes from organic germanium to the interior of a coil in which the substrate heated 
by predetermined temperature was installed, making this substrate contact, and carrying out a 
pyrolysis, This 1st gas or this 1st gas which introduces into the interior of this coil the 2nd gas 
which consists of a hydride after discharging this 1st material gas, and remains on the front face 
of this substrate at least sets on this substrate front face. The process which removes the 
carbon or the hydrocarbon compound pyrolyzed and generated. By introducing the 3rd gas which 
changes from the hydride or halogenide of silicon to the interior of this coil after discharging this 
2nd gas, making this substrate contact, and carrying out a pyrolysis The vapor growth approach 
characterized by including the process which forms a silicon layer or the mixed-crystal layer of 
silicon and germanium on this substrate. 

[Claim 2] The hydride which constitutes said 2nd gas is the vapor growth approach according to 
claim 1 characterized by being the hydride of germanium, arsenic, phosphorus, or boron. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention, It is related with the vapor growth approach for growing up 

the composite crystal which consists of silicon and germanium. 

[0002] 

[Description of the Prior Art] Recently, Silicon (Si) and silicon - Germanium (Si-germanium) The 
semiconductor device using a heterojunction attracts attention. One of them Hetero-bipolar 
transistor which changes the silicon germanium mixed crystal and the silicon crystal which 
carried out sequential epitaxial growth as a base region and an emitter region on a silicon crystal, 
respectively (HBT) It is. Moreover, development of photo detectors, such as a photodiode using 
this heterojunction, or a high electron mobility transistor (HEMT) is furthered. Further, 
Superlattice which carried out the laminating of silicon and the germanium by turns by the 
thickness of the integral multiple of an atomic layer, Becoming the semi-conductor of a direct 
transition mold is known (outlined by RPeople, IEEE, J.QE-22, p1696, and 1986), and it is 
expected as a new crystal ingredient for OPTO semiconductor devices. 
[0003] Si-germanium which constitutes the above semiconductor devices Epitaxial grown 
method of mixed crystal, Especially, As the ultraprecise grown method which can control the 
thickness by atomic layer order Molecular beam epitaxy (MBE) Law is suitable, however now — 
MBE Law Qualitative problem said that defect density is high to the crystal grown up by this, or 
— many — the crystal growth to several large-sized substrates is difficult — etc. — there is a 
problem related to productivity. 

[0004] It follows, It sets at a present stage, Chemical vapor deposition (CVD) Law is leading as 
the practical growth approach. Especially, The monolayer absorption of material gas to a 
substrate is used, The so-called atomic layer epitaxy (ALE) According to law It is known that the 
growth thickness of a desired compound semiconductor layer will be controllable per molecular 
layer. This ALE Importance is attached to development of the technique of growing up Si- 
germanium mixed crystal using law. 
[0005] 

[Problem(s) to be Solved by the Invention] ALE Now It is possible only when an organic metal 
is used as material gas which supplies a group's III-V semiconducter cation component. This and 
ALE The so-called self RIMITINGU effectiveness that it can set, Namely, III The phenomenon in 
which the compound semiconductor of a monomolecular layer grows whenever it introduces the 
material gas of a group and V group within a reaction by turns is set in the range of conditions 
with supply of material gas, and substrate temperature, That to which material gas originates in 
more than a monomolecular layer not adsorbing at a substrate front face is conjectured. 
[0006] It is related with growth of germanium crystal layer, As the material gas of germanium. 
For example, an organic compound like diethyl germanium (DEGe:germanium(C2H5) 2H2) is used. 
It is the same as that of the usual compound semiconductor. It is controllable with high degree of 
accuracy in crystal growth using the self RIMITINGU effectiveness. If an organic germanium 
compound is used as material gas, epitaxial growth of the germanium can be carried out at the 
low temperature of 300 - 350 ** extent 
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[0007] However, Si-germanium It is related with growth of mixed crystal, If silicon is grown up 
after growing up germanium by making an organic germanium compound into material gas That a 
silicon layer with high carbon concentration grows Silicon carbide generates., Moreover, a 

germanium layer tends to serve as polycrystal. This cause, The carbon or the hydrocarbon 
compound generated by disassembly of an organic germanium compound is sticking to the wall of 
a substrate front face or a reaction container, and it thinks because this carbon residue or a 
hydrocarbon compound serves as a pollution source in the growth process of silicon. Carbon is 
not easily removed from a silicon crystal, in order to form silicon and strong association. 
[0008] in order to avoid contamination by the above carbon residue — as the material gas of 
silicon A mono silane (SiH4) and disilane (Si2H6) etc. — a hydride or JIKURORU silane (SiCI2H2) 
etc. — generally the chloride is used. The material gas of these silicon does not show the self 
RIMITINGU effectiveness. 

[0009] This invention is Si-germanium. In order to grow up mixed crystal About germanium at 
least, an organic compound is used as material gas, When controlling thickness by that self 
RIMITINGU effectiveness with high degree of accuracy, it aims at enabling prevention of 
contamination of silicon with the carbon or the hydrocarbon compound produced by 
decomposition of this organic germanium material gas., 
[0010] 

[Means for Solving the Problem] By the above-mentioned purposes introducing the 1st gas 
which changes from organic germanium to the interior of a coil in which the substrate heated by 
predetermined temperature was installed, making this substrate contact, and carrying out a 
pyrolysis The 2nd gas which consists of the hydride easily pyrolyzed after forming a germanium 
layer on this substrate and discharging this 1st material gas is introduced into the interior of this 
coil. This 1st gas or this 1st gas which remains on the front face of this substrate at least sets 
on this substrate front face. By removing the carbon or the hydrocarbon compound pyrolyzed 
and generated, introducing the 3rd gas which changes from the hydride or halogenide of silicon 
to the interior of this coil after discharging this 2nd gas, making this substrate contact, and 
carrying out a pyrolysis It is attained by the vapor growth approach concerning this invention 
characterized by including many processes which form a silicon layer or the mixed-crystal layer 
of silicon and germanium on this substrate. 
[0011] 

[Function] this invention person, let an organic compound like diethyl germanium (DEGe) be 
material gas — ALE Si-germanium The time of growing up mixed crystal, The process which 
introduces the material gas of silicon is preceded. Arsine (AsH3), Phosphine (PH3) Or thing for 
which diboron hexahydride (B-2 H4) etc. is introduced within a reaction, It found out that 
contamination of the silicon layer by carbon was prevented, as the cause of this effectiveness - 
- AsH3, PH3, B-2 H6, and GeH4 etc. — a pyrolysis — having generated — hydrogen of a 
nascent state, It thinks for combining with the carbon or the hydrocarbon compound which is 
sticking to a substrate front face, the wall of a reaction, etc., and promoting balking, moreover. 
As, P, and B etc. — since it is hard to combine with carbon A contamination carbon source is 
not generated. These hydrides receive germanium and silicon, For example, AsH3 and PH3 It can 
be used also as an impurity with which B-2 H4 gives the conductivity of p mold as an impurity 
which gives the conductivity of n mold. The germane (GeH4) who is the hydride of germanium is 
also effective in removal of the above-mentioned carbon residue etc. 
[0012] 

[Example] Drawing 1 is Si-germanium by this invention. It is the mimetic diagram showing the 
outline configuration of the vapor growth equipment for growing up mixed crystal, At the end of 
the coil 1 which consists of a transparence quartz It is a massflow controller (MFC), 
respectively. It minds, The material gas sources of supply 2-5 described below are connected. 2 
is a bubbler which supplies diethyl germanium (DEGe), It is held with the thermostat at 
predetermined temperature. 3 is the disilane (Si2H6) diluted with hydrogen to 10%. The bomb to 
supply, the bomb which supplies the arsine (AsH3) from which 4 was diluted with hydrogen to 
10%, and 5 are bombs which supply the diboron hexahydride (B-2 H4) diluted with hydrogen to 
1%. Since the material gas in these bombs is generally high pressure A predetermined pressure is 
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decompressed and supplied with a pressure regulator., 

[0013] In order to grow up a silicon crystal at low temperature It is required to make the residual 
oxygen in a coil 1 and the partial pressure of a steam into less than [ -10-7Torr ]., To this sake 
Vacuum system of vapor growth equipment, While carrying out as [ maintain / the airtightness of 
a high level ] It is designed so that that content volume may become small as much as possible., 
moreover In order to promote the gas exchange inside this vacuum system The supply path of 
hydrogen gas (H2) is prepared in the above-mentioned material gas sources of supply 2-5 and 
juxtaposition., This hydrogen gas, It is switched as the purge gas of the coil 1 interior and the 
above-mentioned material gas supply path, and carrier gas of DEGe. 

[0014] The rotary pump 9 is connected to the other end of a coil 1. Similarly in the other end of 
a coil 1, it is, The load lock 7 is connected through the gate valve 6. In a load lock 7 The rotary 
pump 10 other than a turbine pump 8 is connected to the serial. Rotary pump 9, It is used for 
main exhaust air of the coil 1 interior. A turbine pump 8 and rotary pump 10, It is an exhaust air 
system for taking a substrate in and out in a coil 1 through a load lock 7. Exhaust side of rotary 
pumps 9 and 10, It connects with the toxic gas stripper which is not illustrated. 
[0015] In the interior of a coil 1 The susceptor 12 which consists of high grade GURAFAITO is 
installed. Susceptor 12, For example, it is heated with the RF induction coil 13 prepared in the 
exterior of a coil 1. Thereby, The substrate 14 laid on the susceptor 12 is held at predetermined 
temperature, in addition As [ mention / later ] Case where silicon and germanium are grown up 
by turns, Temperature of a substrate 14, for example, — It is made to change quickly between 
560 degrees C and 390 **. To this sake It is concurrent with control of the input power to the 
RF induction coil 13, The cooling rate was raised by moving a susceptor 12 onto the oil cooling 
system 15 formed in the exterior of a coil 1. 

[001 6] The equipment of drawing 1 is used, The example which grows up Si layer and germanium 
layer on a silicon substrate is explained. Field bearing (100) Silicon substrate which it has. After 
oxidizing with the mixed solution of a sulfuric acid and hydrogen peroxide solution It is immersed 
in a fluoric acid water solution, and a surface oxide film is removed.. This silicon substrate, It 
feeds in a coil 1 through the load lock 7 in drawing 1 , It lays on a susceptor 12. and While 
introducing the high grade hydrogen of pressure 10Torr into the coil 1 interior Power is inputted 
into the RF induction coil 13. A silicon substrate 14 is heated for 10 minutes by 900 **. Thereby, 
The surface natural oxidation film is removed. After it, While moving a susceptor 12 onto the oil 
cooling system 15 The input power to the RF induction coil 13 is lowered., 
[0017] It ranks second, It is Si-germanium in the temperature cycle and gas installation cycle 
which are shown in drawing 2 . Mixed crystal is grown up. In namely, the condition that the 
susceptor 12 was moved onto the oil cooling system 15 Diethyl germanium (DEGe) is introduced 
into the coil 1 interior for 30 seconds. The minimum temperature of the susceptor 12 at this time 
is about 390 *#. in addition the partial pressure of DEGe in the coil 1 in the above — 1x10-4 
atmospheric pressure (7.6x1 0-2Torr) as [ become ] — the exhaust velocity by the flow rate and 
rotary pump 9 of DEGe is adjusted. Thereby, about 5A germanium layer grows on a silicon 
substrate 14 in 30 seconds. 

[0018] ** While moving a susceptor 12 from the oil cooling system 15 The input power to the RF 
induction coil 13 is increased., Installation of DEGe is suspended, Hydrogen gas is introduced for 
about 3 seconds. Thereby, After DEGe of the coil 1 interior was discharged An arsine (AsH3) is 
introduced for 1 5 seconds., The temperature of the susceptor 1 2 in during this period is about 
450 **. in addition the partial pressure of AsH3 in the coil 1 in the above — 2x10-6 atmospheric 
pressure (1.5x10-3Torr) as [ become ] — the exhaust velocity by the flow rate and rotary pump 
9 of DEGe is adjusted. 

[0019] ** Suspend installation of the above AsH3, Hydrogen gas is introduced for about 3 
seconds, and AsH3 in a coil 1 is discharged. The input power to the RF induction induction coil 
13 is maintained at as [ above ], When the temperature of a susceptor 12 rises further and 
reaches 530 ** Disilane (Si2H6) It introduces for 40 seconds., During this period, When the 
temperature of a susceptor 12 reaches 560 ** The power to the RF induction induction coil 13 
is lowered., Si2H6 Temperature of the susceptor 12 at the time of an introductory halt It is 500 
degrees C. in addition Si2H6 in the coil 1 in the above a partial pressure — 2x10-5 atmospheric 
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pressure (1.5x1 0-2Torr) as [ become ] — Si2H6 The exhaust velocity by the flow rate and the 
rotary pump 9 is adjusted. Thereby, about 7A Si layer grows on a silicon substrate 14 in 40 
seconds. 

[0020] ** The above-mentioned Si2H6 After suspending installation Hydrogen gas is introduced 
for about 3 seconds, and it is Si2H6 in a coil 1. Since it is discharged A susceptor 12 is again 
moved onto the oil cooling system 15., When the temperature of a susceptor 12 reaches 430 ** 
DEGe is again introduced for 30 seconds in a coil 1., 

[0021] ** Henceforth, The above-mentioned ** - ** are repeated the number of predetermined 
times, it sets at the process of the above-mentioned ** — PH3 and B-2s H4 or GeH4 may be 
introduced instead of AsH3. 

The above-mentioned process is continued for 3 hours, Si-germanium all whose thickness is 
about 1900A The crystal layer grew. According to X diffraction measurement, it is this Si- 
germanium. Periodic structure is not small superlattice but the structure of a crystal layer is Si- 
germanium rather. As for near and its atomic composition, it was shown in mixed crystal that 
germanium is about 40%. If being general and germanium layer become thick, in order to act as 
the Motonari Mitsugi chief Irregularity comes to be seen on a front face., however Above- 
mentioned Si-germanium Crystal layer According to observation by the differential interference 
microscope The crystal front face was a mirror plane. This, Since each germanium layer has 
thickness very as thin as about several angstroms It thinks because the Motonari Mitsugi chief 
did not progress., 

[0022] according to the measurement result of a Hall coefficient Above-mentioned Si- 
germanium A crystal layer is n mold, the concentration of electrons — about 1019 — it was cm- 
3. the atomic concentration of germanium by SIMS analysis — 38% — it is — moreover carbon 
atom concentration — about 1019 — it was cm-3. This value is Si-germanium by the 
conventional vapor growth. It is remarkably low and is [ about / of the carbon concentration in a 
mixed-crystal layer / 1/10, and ] Si-germanium of this invention. The crystal layer has practical 
crystal quality. 
[0023] 

[Effect of the Invention] Since the carbon contamination at the time of using organic metal 
material gas can be reduced according to this invention, it is ALE. Law is used and it is Si- 
germanium. It becomes possible to carry out epitaxial growth of the crystal. The result, Si- 
germanium which has a highly precise and smooth front face Multilayer structure can be formed, 
HBT using a silicon substrate Or there is effectiveness which promotes utilization of the photo 
detector which carried out the laminating of silicon and the germanium, HEMT, etc. Moreover, Si- 
germanium The place which contributes also to development of the new semiconductor device 
using superlattice is large. 
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* NOTICES * 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline block diagram of the vapor growth equipment used for operation of this 
invention 

[Drawing 2] Si-germanium by this invention Example explanatory view of the growth approach of 
a crystal layer 
[Description of Notations] 

1 Coil 

2 3 f 4, 5 Material gas source of supply 

6 Gate Valve 

7 Load Lock 

8 Turbine Pump 

9 10 Rotary pump 

12 Susceptor 

13 RF Induction Coil 

14 Substrate 

15 Oil Cooling System 
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[0013] iSMrcf 3>iSji*jiS*stt*fciwc 
b, JSi&eirtK:*jws«s»«*jJ:iyf*^©»lI=£ 

~1CT 'TorrfetTCCf 5Ci J&ij&gTft 4. C ©fc&JC , 
£tfa£g&g©H£3SB, Bl^JlrfDawgtejWiJfiiJSB 
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*tt, Si&eiF'9SP*J«fcD ! ±iejI*4^^tt*&iS88©^- 
^#**$«fc£>*DECe©* f 'J £ L>~C$] 0 tfe* 6ft 

[0 0 14] S(£«l©ffeS8gK:BO— srysiO^gj&Jft 

*t3tvci>s. I50<si6«i©fifi«tctt, y- m-ou 

io lrt2P©iSF^{cfflue>ns. 8 *3«fcEJfp 

-*ysF>:/l.oB, a-Fa?*7£:rt-l/-CS(S'glrt 
<cra*ULAftr&fcfe©ttAUft?ft«. a-*!;* 
>7 r 9*j«fcc;io©9F»ffl'JB, H*L<r<,*ir«#*|&*£S 

[0015] sfc?g i awctt , s*«s:y77 T •* h 
w*.«kie« i ©^-»(csw^tift:ii5Sjfiif*3 -r ;H3 

20 <fc5K, ^ya>&y;Uvi9A?63£SK:j£fi3-e&*§ 
^tC, S«14©SS*. fiflliLtf 560'Ci390 'C©ffl-C^ 
iEtC^fcStt*. C©fcibtC, iS®«asa53 -f;H3K» 
•T4A*fl*©«(iaiiifefTl/-C , KJ£* 1 ©jWldfttt 
/c* A MS&SmzskXV -fe 7' i2£&S&-r -5 C <!: fc «fc 

[ 0 0 1 6 ] m 1 ©SaB*ffllr»T , J/ya >*«JbfcSi 

00) *fT5i/'j3^ltS%, St»iafflMfczk«zk©g 

^^<cj:-,r®Kbtoai,fc©%, ftmki&micmio 
30 T*®©SMfcBi4i^*-r*. c©-> y 3>s«=& . s i 

lefcttin- pa y # 7 1 rtKijUAU , 

lDTorr©lg*«S7K^*^A bft** , KMiSiliSn ;U 

i3tcm*?:A^ L/t: , is 'j n>a«i449oo *c-cio»ra 

JUD^TS. c*iKJ:0 , ^ffi©g^K{fcJ8*l^*^S. 
iittc, awWBBWIIa-fjUysOA^rtlAtTtf*. 

[ooni^-c, S2fc^-rss-y-^i'^te«fccj f ^ 
*^A-y--f ^^rsi-ce sa©fi£fi*tT5. -r^cto^, 

T, JSlS i SlF , iS|lK:yx5 : -;l/yjl/V^.^A(DECe)*30# 
HSA-r*. C©i*©1f-fe7'^12©^g;jaSB^390 
•Ct?ft€.„ /J*J, JblBKfcWSSJE&glrtCCfcW^DECe 

©»JI*»l xio-'mEEcr.exio-'Torr) (c%t£J:9(c, 
DEGe©jjKS*j J: EfP - * '/ ^ 9 CC <fc*8F£titgK:Si 

©-r*. ctiKjit), 3ta*iair#5>5A©ceiBj&j^";3> 

S«14±K:fiKSf 5. 

[0 0 18] ®VK79tt*4M$^m.rs±.tPh& 
50 A-TS. DECe©^ A 5: fflh L/ , ***/**tt3f»m*A 



00 
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T-S. CtitCcfcO, J5i^lrtg|5©DEG^gfffi3ttfc© 
*>, T^'»(AsH.) ; &15e>K^A-rS„ C<D|B|K*JWS 
•^■b^l2©aSBifi450 -C-C**. ±fBfCfcW 

lOr'Torr) KfcSJ: *>CC, OE.Ge0>ffi&*s£U&-i*>)# 

[0019] ®±iBAsH,©igA£fM:l> , *SS#*££j 

>n«3 -fJH3{cJt-r^A^m*«r±fa©* sector 
y^5>csi,n) &4<$pfflmA-rz. com 

^^3^^H3(CS*^iaW7%TlfSo Si,* ©i£Af? 
i^KfeWS-^-te^^^CDfiStt 500°Cr*5. 
UBK* W •5SIc« 1 £ Si, H, ©#H*s 2 x io 

-'^.QtCl-SXior'Torr) tCfc£J:5K:, Si, Hs ©SSfifc 
J:y:o-^>;d<>^9K:«fcSSfmjiK4PfS-rs. c*i 
K«fc 0 , 40#ra-C&7 A©Si)l*Si' y n >g&l4±fc»& 

[0020] S>_tfESi,H, ©3#A£fM:l/ft:©*i , ^3 20 
*HB;*«jtfX**ALrKtt«lrt©si l Hi ^SttiiSti 

4. •y-fe^'*i2©aS[*S430 -Ctc^L/fci*, WO'JSICv 
« 1 rtKDEGe*30^ffil^A-r4„ 
[002 1] ±E®-©*W30aiMi»)iBr. 
±fa©©XgCC*Jt^-C , AsH, ©tt*> 0 tC , PH, , B, H, * 
fcttGeH, £i§A O-C it*. 

-tiawXfgfc 3 B$IHi[ti*fcf S C £ fC «fc <3 , ^Hff#*»l9 
ooA©Si-Ge fSMtfAfttsfc. Xttli9fa»3c £ti 
tt. C©si-ce ttfM«Dft*tt. MMn#4v3l»lBft 30 
^•■e«ft<. tfOS. Si-Ce sa«cia<. -ewj&TttJ* 
«Ge*5$5j40%-C*SC<!:^Snfc. — «4K: , GelgBJ? 

*J:9<<:&*. C^U, iESi-GelSiWCB, flfcH 1 
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[0022] *-A-flW©aa5EIS*fcJ:h«, ±i2Si-C 

fc. SIMS9-*rK:J;5Ge©JI^-?gg(*38%-C*»5. */c. 
M^TOKItt^'air'T*^ C©fifltt. 6£fc© 
Stf&£g&«:.j:-5>si-<;e jgS)l(c*jW4^ifiS©iQ» 
©lSat«L/<<S< . *«W©Si-Ce *SSB». ^/B 
tt©*S*§l&i&H*Wt/r<,»*. 
[0023] 

[JfflOttJR] *f»!tcj:*itf. *ftB£JliJSif4#**fli 
WcJt£©gt^&£^T?#-Sfci&K:, ale ffi*m» 
rsi-Ce itea^xt^+f+^fiSSS^SCi^PlSfei 
ft*. ^©jS^, W»fl6«»oJMIfft«lI*irj-*S1-«e 

?*HM«c!?^{t*^rS3Mt0>ft«. si-c 
e ©fi*S^-«f«JfflU/cSrl/l»*3f^^©PB»K:fe*^ 

[H l ] 2jt^W©Hife«:ffl<«^cSlffifi£S^g©P5« 
[0 2 ] #fS93{C <fc SSi-Ge *SS)l©J5ES^©*Sfe 

i msm 

2.3. 4. 5 mtoiXVMM 

7 u—TFUvtf 
8 

9 , io a-£ 

12 iJ-fe^ - ^ 

13 lSJS&$f&=i'01' 

14 Sffi 

15 *'f*fe0£glK 
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